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(54) MAGNETORESISTIVE EFFECT FILM AND MAGNETORESISTIVE 
EFFECT HEAD 

(57)Abstract: 

PROBLEM TO BE SOLVED: To improve 
thermal stability and to prevent 
deterioration of the change rate in MR by 
forming an antiferromagnetic layer having 
specified relation of M and Mn (M is 
selected from specified metals) and a \ 
protective layer selected from specified 
metals to constitute a spin valve type 
magnetoresistive effect film. 
SOLUTION: The spin valve 
magnetoresistive effect film 3 is produced 
by successively forming a base layer 7, 
soft magnetic layer 20, nonmagnetic metal 
layer 30, ferromagnetic layer 40, 
antiferromagnetic layer 50 and protective layer 80 in this order on a 
substrate 5. The antiferromagnetic layer 50 is expressed by MxMn100-x 
containing Mn as the essential component, wherein M is at least one 
element selected from Ru, Rh, Re, Pt, Pd, Au, Ag, Fe, Ni, Ir and Cr and x 
represents atomic% ranging 15<x^58. Direct interlayer interaction 
occurs between the ferromagnetic layer 40 and the antiferromagnetic 
layer 50 to inhibit rotation of magnetization in the ferromagnetic layer 
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40 to give a large MR effect. The protective layer 80 consists of at 
least one element selected from Rh, Ru, Zr and Ti. 
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(54) fcfcipirofc*] «SlS£S3a»l&fe4;r«BajSSiB»mif'\yh- 



(57) [S»] 

T, R&lSttJIS:. M.Mniot-, (MtiRu s Rh. 
Re, Pt, Pd, Au, Ag. Fe, Ni, I rfc«k 

vc r frt>m,fixtz'y-% < k 1 1 «tj> o , i5^xs 

5 8 (x^)*fi{iS^%) ) frfeffiftU Z0)±.tzm. 
SflSftWifcRlK Ru, Zr, TifrfcWJSflfc*' 
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\mm. i ] #®&&m t . ^ra*t*iMi^-*o 

mmm&Mtf. M, Mh,,,., (MliRu. Rh, 
Re. Pt. Pd. Au, Ag> Fe, Ni. I rfej: 

xfc r A'featfnfc^sr < t h i a-es> o . is^xs 

tmmmtfR h . r u . zr> t i *»4>atf#tfc^ 
< 1 1 1 aa><?>fljj£s*ia i t &mt i-zmsmmh 
m 

imm2] mtfzm&mff. m, md,,,., (m 

IJRu, Rh, Re, Pt. Pd, Au, Ag, Fe, 
N i , I r&XlfC r fr&attftfc^ft < k 1 1 St'J) 

0, 1 5^x^58 (x<7)#e«±K^%) ) *^=2: , 9. 

iffiftari^R h , Ru &ti>mitcfcp%< thim^ 

[ltRJ»3 3 fiifE£5£«8ttS#. Ru, M, Mn, 
(MJiRh, Pt, Pd, Au, Ag, Re, Ni, I 
p*»«tf*ute^Sr<kfcl«T*9. 1^x^3 0, 
lSy^30. 69^z^90, 10^x+y^31 

(x, y, a±V7.mmm :: t-%) > 

[M**4] ffre^ftBtttJI^M, M lino., (Mtt 
Ru, Rh, Re. Pt. Pd. Au. Ag. Fe, N 

1, I rfcJtfCr*»&atf;fcfcl»C»D. 15^x 
g 5 8 ( xO^etiH^ ) ) 0 . 
fREftMfttZ r . T i & !>W£tVfc&*:< b i> 1 g*> 

[MS* 5 ] tuiefiS-aiOJI$ ( t ) l nmSt 
£5 nm<7)mS£$>$>Wm 1 &^LIiM4<0Vvfft 

mttL. *«K*«lSj& t l~2 0 0 0M : FppmT' 

aft****** 1 1-200 OH^P P m. fgJtift&P 
l-lOOOSfppm, «*iM&&*l~2 0 0 Offiff 

imm ] vKssumma, mmEtt 2x10-9 
Tor rWFizumwcMmmmmm\ isr** 



A$fil.^>'N*y^^X+0^t)illSc7)^n$r 1 0 0 p 
pbJUT. A^O^A-y^^+WHj O«K*»4 0pp 

$ flf & £ W^JS 1 * ^ 7 <T> V vffi*>(Cf SSi<7) 

«tt«. im&mm. mm. mm&m. mm 
zm&ffiizmm&*ii(tzx%hm$mi%^im 
msw ^-ftiMzimnmsmimm. 
mm i o ] mmMmsmt . mmt. mm® 

<o-ucomzj&f8.ztitz%m.&mt . tm&&mm<?>m 

t&ttmtwmm) m&zKtzKmmmb. 
Kmmmvi. {mmmtm hmtmm<m) nz 
mfoziitzmmti^?hmmffix.xti:hx\:> 
^>i>7mnmm>ffimx'h o , 

OTBRSiatt** 1 , M, Mn 1M ., (MliRu, Rh, 
Re. Pt. Pd. Au. Ag. Fe. Ni. I rfcj: 
VCrfrti>W£tUZ'Jr*:<bi>lWVt> t )* 1 5Sx^ 
5 8 (x^#fi[{4Jg^%) ) *^^9. 

ffiriesaw^Rh. ru, zr, t i *>4>aarii«:^ 
[is^jai i] ffieR^ffl;tte* { . m, Mn 1H ., 

(MtiRu , Rh, Re. Pt. Pd, Au. Ag. F 
e . N i . I rtiXr/C rfrt>Mlftltz'J?*i:< bl>lM 
X'h*). 1 5^x^58 (x<7)$.mm?%) ) 

WEflfWI^R h , R u *>tS(f tlti'J?%< t i> 1 S* 1 
k$:£f»#3ll OtlBfjOfi^SKft^^-y K. 

HIWS9I12] ireKatttttff^. Ru, m, Mn, 

(MtiRh, Pt, Pd, Au, Ag, Re, Ni, I 

r»n>mttviz&<t<bi> lat-fco. 1^x^30, 

lgy^30. 69^zg90, 10^x + yS31 
(x, y, fcj:Vzc7)#{a«SJI^%) ) a»6$r9, 
Buie^Sil^R h. Ru t^Miixtz'Jftt:< bhinfr 

h%mm 1 0 \,z%mmmmim.^ »/ v . 

[«*JS13] fTCKattttAWM. Mn,,,., (M 
(iRu. Rh. Re. Pt. Pd. Au. Ag. Fe, 
Ni. 1 r&XVCrp^mmtzimX'fr*). 15g 

UEftWi^Z r , T i frt>mZtltz'J>>%< bhlMfr 

b%hmm Mztmmmmmm.^ v. 
[mm. 1 4 3 igie»-se^>Ji$ < t > 1 n ms 

tg5nmO»J,SI9Ml 0^V^LIf*Jil3<7) 
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imm. 1 5 ] mmmmm^z\t^mab ixco 

mtttl. *Ol^&j£*<l~2 0 0 0K?PPm 

x-h t max io&v lw im \A<n\ ^ tdf&a&> 
i wmm 1 6 ] tmam&mwzis. . ? *> t . 
w§n«»^aus*n~2oooji^ppm, esuisus 

i'l-lOOOSfppm, «*«*#1~2000K 
F. 

imm 1 7 ] MiBR^attstis 2x10 

W*6 0 0 p prnGlTOJ-y » FfcJBVYC, J&RI9(C 
*A3*l*X't-y ? *co^WtScOSft £ 1 0 0 
P P b JilT, **OX/f7 ^^X^cOHj, Oi&£* { 4 0 p 
P bElTr*)*^ -y ?#X#Bm<K *ffifcT* 

[it^Ji 1 8 ] fr£«*«iR$^sa^«fiB»«!is 

(i, 1 5 0r~3 0 0°CWfflST1MI$fLTV^if^ 
51 OfcuLift&Jll 7O^-rftjW=iEa<0«saS!jB» 
HM^yF. 

JB*««ffli6^JiJSII3S*filiT44iBSJil Ofto 
F. 

[00 0 1] 
[0002] 

fij^*fflv^a»WKi0twiaa^*y-9- (WT. mr 

) a&ti&i&M&ttft^'y F (121T. 
MRA. 7 Kfcv^ ) ^IS&#&^C^^iXT^I>. M 

fcK»K 0 -fe v**«>«tiB£fcic J: 9 . WBB8!WI^& 
^aj-ftOD-CfcS. C^ie^MR-feyiffcit^MR 

fl&&^aiafctt#L3rVV: MR-fej/lTCttK 

I* tcfc v vr . « jW* 4>*i.£ t v » a ftfiW 1 * £ . 
[0003] LfrLtcWb. fiSUHV^fiTOiNi,, 
Fe 20 (vS-vcM ) i Co3*0lBtttt£*i|fflU: 



MR-fey-tt'ii. fifiBg^T&SAR/Roffc&Htv* 
€VU~3%<^V>t/h§<. &GBPS I (Giga Bit 
s Per Square Inches)l-Xh^*ilS^iaili<7)^tt}Lffl 

[ 0 0 0 4 ] t i bx\ -kW,<nm : ?Bi*—y-<nn.%<?) 
?tt<^mt\m%r>t:m:S:m-ttzMz. ifisaas 
±.tzm.&&mmt im&&mwmt zmmzmm 1 

h-MffiWOOtt^libWJifetiTv^. U>U z\<r> 

Ajm-mxiimmmcitnm^ m%m% (mm 

[000 5] ZZX\ £<0«J: 3 XZVKfr 

■/t^oKL^ffimtfmzztix^z,. ztut. mm. 
&mm£ftLXN iFem^mm^tixaKi. -u 

<0NiFeJBtB»fCFeMna3&«ESSft.TV^« 

[0006] ZZX'li. F eMnRbimLX^&N i 
FeMb Wm&mkiS*X'lit& LX^lfcMZ. 
Ni Fefl<7){im^.t>-{±S:l 0— Si OOOecOfiPl 

-eolSII. N i F e JlWftll^SS fc v ^0 , /J^ ^rKJi 

^^2~5%«oaES«aa3Wfc* (mrm$) * { hs 
[0007] x^yt^vf^za^xit. 2^ff>msMiz 
0. Wknmmtssmi <amr> 3»*t<±^4i3 

tJS^MRSHtiieSLTV^. iti(i-^iStt«t 

[0008] u&»Lfc#$>» zv>;<>i>7'<7)mmwz~? 
■f*-*i*m*tta»Hua<o**$-c*"r. **> 

STb ktl. $£*<J: •y-^fflV^tlTV^FeMn 
[000 9] 1 ) 7"D ydfy^ia^Tb AU 5 0-1 7 

[0010] 2) 7a y^r y^JSTb W*MtoW£tT 
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S80~i 20-CKfcwc. BOttJiaxKyfcRes 

<7)&&,WP-t'<Xi%-'X\ JSk^n-y^^iBKTb £ 

[00 11] £WJ3$«&lfSW-^<* *{tiHA^> 
fc«-Ct«pH¥8 - 3 5 7 6 0 8-f-^. 1WPP9 - 2 1 
9 1 2 1-ffcfcWC. JfjgfflfcLTRu, M y Mn ; 

(MiiRh, Pt, Pd, Au, Ag. Re*»£>gfc£h. 
£^&< t i> 18) fr&fcijafflHHHRfcaSKLTV* 

[00 1 2] fcvl^-C. R3HStt^ffiSfcSfLT«am 
$*l&#tTOttfCi LTIi, Ta0HRWC*9, «f 
fcLT. Cu^Hf tffflV^fiS . -t&fc 

Mim<nR%MlLX . JaTOfcoaqWffcft. 

6. 

[0013] ( 1 ) Jounal of Magnetism and Magnetic 
Materials, 93(1991)101 (Dieny, IBM) 
Si/Ta(50A)/NiFe(60 A)/Cu(25 A)/NiFe(40 A)/FeMn 

(so A)/cu(5o A)t^i mmmmmiz^x nm&tf 
mztix^z. zzx-wRmmmitF eMnx-b 

9. ftKltmii* 50AJ¥$<OCuT'£>-g>. 
[0014] ( 2 ) Japan Jounal of Applied Physics, 
33(1994)1327 (Nakatani, Hitachi) 
Si/Hf (50A)/NiFeCo( 50A)/Cu(20 A)/NiFeCo(50 A)/ 
FeMn(100A)/Hf(50 A) fc V * 3 ftllKfll&Co V iX Wti? 

[0 0 15] (3)^^9-1473 25 
glass/Ta(100A)/NiFe( 50A)/PtMn(200A)/Ta(100A) 

k^omisMk£^xnmtfm*ztix^h. z 
zx^mmma p t m n x-h o , ftanttftu . 10 

0 A/fScOTaT'&i.. 
[00 16] 

<f. 2 5 0'c. 3^o»^a^) £jw*fcatai 



3. Xty^^7HkU^t^ft 

[00 17] (2) 1 2 0~14 0-ClCfcttl>fflS^ 

-ftchh. ^-v K«»W12 0~1 
4 O'Cfc&SiSHSsIlTM X?tXt^^A7 F£ 

a*a/U£*a^ ffi^jweiakfcfctjS^Lr. owe 
cools] xmteznxozmv&itMzmiiti 

Z b lzik%> . 
[00 19] 

mtzmmnm izm^tuzmmmt. samst 
m<?>±. (%w.mtt$?z>mtmm<?>m) &m&n 

nrnmimmx-h-ix. m&RW&mtf. m, m 

n,oo-i (MliRu. Rh. Re. Pt, Pd, Au. 
Ag, Fe, Ni> I r&XVC rfr(,$Zlitlt:'J>-%< 
ktl«T$>0s 15^x^58 ( xflJMWMH 1 

%) ) mmmtfRh. ru, zr. ti 
I). 

[ 0 0 2 0 ] 4fc. *»Wi. . ^ft 

®fie#»ii»±s mmm&zftLxmimmmtom; 
tmmLx&<o. mi®smijffl%mte. nm^m 

± um^mmtmtmtKnmcom) cMsn 

feRSHHtSt, RSM8tt»<0± (^KttSi:ig-r-i.BD 
tRttfflOffl) ^m^^ftSWtS-WtS^llISS: 

teR5$iattl* { , M, Mnioo-« (MtiRu. Rh. R 
e. Pt. Pd. Au, Ag. Fe. Ni. I riiXV 
CrfrbmtitlWjKtitimX'h*). 15SxS5 

s (x^#{4(is^%) ) *^=5ro. mmmmtfR 

h. Ru. Zr. T i *^StfilJt^< fc t 

[ 0 0 2 1 ] 0^ UV^JWRt UT . IHreKSfittttlli. 
M, Mn,,,., (M(iRu. Rh, Re. Pt, Pd, 
Au, Ag, Fe, Ni, I rfcil/C rfrhMlftltz 
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*%) > *»4>4o, mmmmtfRh. Rufrt>mtfti 
[ o o 2 2 ] ffi u\®t£t lt. wmmmtmit. 

Ru, M y Mn, (MJiRh, Pt, Pd, Au, A 
g, Re , N i , I r ft»6SICrife£$< 1 1 1 ST'$> 
0, UxS30, Uyg30, 69Szg90, 1 
0Sx + yS31 (x, y, fcitf z^fsHiK? 
%) ) fiife&S/lA 5 Rh s RufrfcaKttifc 

i^=5r< k 1 1 8*>&&S J: 3 OMSiU . 
[ 0 0 2.3 1 ff* U\«8tk LT. Mie^ffllttJiti. 
M, Mn 100 -x (MfiRu. Rh, Re. Pt, Pd. 
Au, Ag, Fe, N i , I r tsXVC r j&^jMfcftlfc 

lat'*) 1 ?. 15^x^58 (Kv>mimir%) >*» 
t>%<o. im&mmtfT i , z ra^atm*;*!^ t 

[ o o 2 4 ] m t^mrnt ix. i9E«»iwss 

(t) li, lnmgtgSnmcOMSioCM 

[0025] UEraia6tt««t»(c«3ptt*k LT^KS 
**1TU *OK*aaW»l-2 0 0 0K^PPm-Cft 

[0026] vms&msm*&i. $ wi&k 

il******* 1-2000 JS^PPm. «3&§l£# 1 
-lOOOIfppm. ^«jHK*n-2 0 0 0iI : Pp 
pmT**J:dfc:flHaS<i*. 

[ o o 2 7 ] m u«k lt. fne^«ttJii±. 

S»E&2x l 0' 9 To r rJaTW^Sftfc*2J«IR 
$sfif*IT\ gS^Wi6 0 0 p p mJETlW-y-y b £ 

1 0 0 p p bOT\ ^OXA-.y^^'X*C7)H 
2 0«K**4 0 p P biXVX'<r>X^ y 91]'X%m%*. 

[ o o 2 8] #* u«k lx. mMmmtmm 

[0029] 

TJ)I.PPmt3j:t/ppb{i-r^T. S^PPrnfeit/ 
W^P P bSrScf . 

[ 0 0 3 0 ] 0 lti. *^W{a^ffiSi^*M3<7)ifFa 

ywristL-rwattt^siisi tmix^i. 

[0031] HUC*«*i*J:dK:, Btt£JUBitt* 
#Bttt£Rfl 3 0 k , iO*«tt^RH 3 0 <D-;fjrtf)ffi 
CM? *lfc»«tt*4 0 k . «tt&JS13 0<7)nW 



<0iBWB*S:h/£(WKttfl2 0 k . ^6514^4 owfiBrtfc 
«foSfctVjl^*fc*>fc»»ttJ14 0<*>± (iif 
r±j k«i. #Ktt&M3 0 fc«-r* BifcRttffl 

<7)ffi5r«»-rs ) t=»j«snfeR5sa6tt« 5 o s-w-ri. 
[0032] zii^mmmt. muz^tiixd 

fc, Tifil7^LT. ««KttJB20, #SStt^ai3 
0 S ^EttJl4 0. R»»1M5 0«>JII(C**3*VO* 

tfiaw8 04ggjss*i.i. 

[0033] I <7)£M<7)Bmzi3 vhwitzim 1 ( * 

vyrtiv-fwk) Tit. ftm^tob&m^mt&faZiz 
Rix4m&&mM3ozitLx. tnmwizjmtx 
»j£Sfifc«aattfl2 o k^mtt*4 o k^sv^awk 

tt. 3 0*frl;T»JS$ 

fifcttOtW 2 0k 3£i8ttJl4 0 OHHfcWfoS tfXI^T 

±<nmtejj<?z\tizbhfrCzX'hh. *^ 
mx'it. m 2 iz^ztih i a K^^^ofi-^awr 

5X dE»«*9 0OSaB9 34»fer6|*»oT±|p|# 

»fltf>:fr & »jfi*4«i t s JSijWflfcW 
SCOT'S) I) . 

[0034] zzx\ wmrMsammmtm^b 
m>s><wmm?wtk . ©cutti 2 0 k3$s*ttJi4 0 

[0035]^. *^Bfl£7)W$:^tc;-ri.7tftt:. 0 

itz9f;Ztiz>z'b<. im2m&&am3o*itiT 
i fflcoMttJi 20k %mam 4 0 1 & g t, ^ 
v?)vtM3,mm>%&iz.^ ^x . a 2 loo 

[00 3 6] 02fc^S*iSJ:dts MI4 0lit 
fci^4^CJ:oT«*iBK|fi|*»oTTl<(lS'*iaiC* 

®;{Stt/i 2oii. ^tt^wa 3 o ixmziix 

^lov. teMtttoitft&frttVrii^mmzi; ~>x 

fiSfcXi* (»t2 1) . ^Ok#. «»tt«2 0k 

wmmA o<mit<nmnmt. mmmmmofr 

[0037] ^iitcj: oTVN-VD^^^rttffi^Sfii 
SMIktt^^-XAj&t+HWKSifiri^S^MR (Magn 
eto-Resistance) S&«3&»»4>fl&. CliXJi^tZGMR 

(Giant-Magneto-Resistance) %^kb^ifixh „ 
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[0038] RBttfi2 0, m.W§40k, V>±#> 

m B&m&m socio, mmm a o <wmtk 
tt*«ttB2 0<3flHfcfcv>f **^&r&i<. n*, r 

ffi^SrOCifiV^fc-fl.. <I^ffl»H#H<0OfI# 
( I ) TJ4, £rtf»CfiBttJB2 0fcJ;y^;iie«4 0MB8 

[0039] *h8m&*£±tf -CH*««;Saitt»2 OcOftJg 

{t(?>ftZtf5i¥ftb%&Mz^tixmittmmijim 
m-th. (fits (in <mm) . 

£<Ofc*R3i«ttJl5 0fc:J:'J. fcfctyjhWWIHua 
4 0«0SWtfc^B»O*|6lfc:iiW6L. ftK (III)T« 

mm 2 o *$ i V3«wtji4 oo-tn-piwoaMtfrifti 

fc. MRftH«40fc&6. 

[0040] mzm^mmm-m^h t 

tffw «w (iio*^ (in . (Dkinaawtt*. 

■r^THitiB (ii) Mittbwmx\ gitwxey 
fcttff Ur«S.*»t . «*i«4*£ < Sr 6 . «* < 1 1 ) 
<7)d*>. 3$$tt«4 0tefcrxihto;*;ftT^&fctf>t3i^ 

(LSrtianSii- RJ8ttJi2 0^K'f^fb(^iS 

«fc*S<$r*. -ftah-h, «JKttJB2 0(c^{fHc 
<&/h$fcN i o. 8 F e„. , S3=5r-#ftfl#tt 
SPIH k h Z tltZi."). H kftifiJJlT^aOe- 

ftl00eO«fflW/Js^^«t^SC-ft*«itaW, 

[004 1] OT, JaSLT Sfc8»0S!jaa»ll3^* 

»t4»-»HffiWitt. KSftSttJI 5 0 £«MM-*tW 

[0042] -f &;b*>. *%Q(C&(t*K&attJi 5 0 
14. ?y*> (Mn) £i£®bLM x Hn, 1H X'tkfr 
%tl&. ZZX\ M(4Ru, Rh, Re, Pt. Pd. 
Au s Ag, Fe. N i , I rhXX/C rfrtz'Mlitlti 
'J?%<ti>imX'hh. x{4, 1 5^x^58cOKH« 

mzt*). x<v%.mm?%X'$)&. 
[oo43].r?)j:3 5 o nttnwx-i, 

( 1 ) E3M8ttH5 0-RuRhM 



8r(C. ~?>tfy (Mn ) HXX/JVr-^A (Ru ) 
*ftU Ru, M y Mn, mbSftSROTM 5 0 
OttfCA«Cffl^ill>. MtiRh , Pt, 

Pd, Au, Ag, Re. I rfrt>Ml£tVfc'J?%:< k t> 
1ST'*)D, 1^x^30, Uy^30, 69<zg 
90, 10^x + yg31 (x, y, fcJ:U f z<7)#<il4 
W.1-%) OfgfflfctS. Ru, M y Mn, fcfcltSM 
<4. JJE07^4>a« fifcHKI* k * - k *HR» 
i^. R3SU8tt«5 0(43j£^*^»«§ 

K-htK mmtp^k ix4mmi±kthzki>x 

[0044] ZCOX o ^RSSHttfl 5 0O±fcfiSW8 

80(4, Rh, Ru. Zr, T i <Wr< 1 

fti»I8 0 8raWW4*jc«{4 1 0 0%t 
*74fc<WEF4 Uvtf, 7 0 w t %W±%ts-£rkX'b 

^x^m\^mmi?msimxt>*). mumtz. 

fftgS8 0*5Rhj tf-)fc«^t(>, RhSr7 0w 
t %J^h*tr^* W*f^«f!IKHt:*4<iS . 
«g*80(4. #^L<J4Rh, RutO^<i:tl 
8. §^>{ciF^L<{4, R h X'fo h . Rh&mz. Wtlt 

m±to*vwmji±nfztb<7)mmk Lxmuzsmz 
^ l . mmm 5 0 commmxh hunk <mmz 

H^X. ^^>tC{4Ru. MnfcWHffifctttvCffiSffitt 

[0045] w^^a^^i-^istte 5 own 

k&m8 OttMnMfr-HtbitX'iZ. KKlKttJi5 0*f 

mkmm 8 ow^t coiasaaft**** <=5ro. 
^5onm.tfiKx+tt%\;>±&immt>ti% 

jjE««5i£fttm«sfiTa«tt«4 ocoiaftiK-ftM 

[004 6] ftSS8 0c7)S[^ (t) J4. ff^L<{41 
nmStS5nm(OSl, «t0iftL<{4. 2nm^t 
g4nmCigS^n&„ ZffMffl nm*ffik%hk& 

m®k ix<o**<Dmmzm:z%<Zix ttik^ 

BBKHt:*iV^a!Jg$*ifctf«. #C Rh, Rul±, 
mwTaKk'ifr^X. imSitf'bZ v \KMzvmt>W 

[0047] *HHfl{CtJ{fS , ^5SS$ttil 5 0 fcilXft 

maomizmKmK&toitnmmzMTiz* 
■r. 

[0048] 
ffiS18 0-Rh 



(2) R9B8tt«50-RuPtMn 

(3) RlIttl50-RuReMn 

(4) R3M8ttH50-RuAuMn 

(5) K3£SgffiB50-RuFeMn 

(6) EMttttJ15 0-RhMn 

(7) Rai«tt«50-PtMn 

(8) £3M8ttl50-RtRhMn 

(9) RM«tt*50-RtCrMn 

(10) R3M8ttl5 0-RtAu 
*W»fciiV vC . £3fflttJI 5 0 4>fc*ff3*l*K*» 
*tt* l~2000il^ppm s jffiL<ttl~l 00 
OJK^PPm. ££>t#£L<lil~6 OOJgt^PPm 
fc$$lj$i"l*>. ieOfij&^OOOJFfppinfcJB*.* 

t . $mmm 5 o k3i«tt*4 o t 

iU^, 3^te*ofc**£fcJ««rittcifi<. - 
i&^#<7)g£kLTim?PPmk3l5£LT^S. 
[ 0 0 4 9 ] *?HBtc*J»t6»ttlHiaB<0-o 

/Mf-Jk (i. Jk =Ms • Hua- dfS*$ill>. M 

TO. dtt9MM£Jl0>lV***-. t^-v/^SS 
aMWfcffittmfcHtSW*Jflv*fc%&. Jk eoffitf 

KfcLTOlWfc& t £jrc**fcv^ 10G 
bit/inch' fcjBiSiafcBflWaflMR^y 
Fkl/Ofl^4fctf>fc:tt. Z<7)Jk<7)mi. 0. 08e 
rg/cm! HflEBLhjWWC**. ZOmtfO. 0 8 
erg/cm' *>?§fc$:«, i,y hWUOhS <£oT 

SSfrv^ktf*)*. 

[0050] #»g!fc*5v vc . mffi&m.'&m 5 0 

li» WliJk LT<088S, ess. 

&&satti 5 0 4nc-£*$fti>is£fflg# 1 - 2 0 0 0 

Ifppm, KStiSJK#l~l OOOSfppm, £SH 

m#i ~ 2 0 0 0 p p mfj> h x 0 izffi&z h 

KB#<D@£k LT llS^ p pmfcS^LTV^. 
[005 1] R5£littl5 0 Off $ti. 5-lOOn 
m. i?2L<<i5~80nm, J: L<«i5~5 0 
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ummso- 


•Rh 






■Ru 




8888 0- 


•Rh 




8SJ18 0- 


•Rh 






•Rh 




mmso- 


•Rh 




«a«8o- 


•Rh 




«ll«8 0- 


••Rh/Ru 


(mm 


&H18 0- 


••Rh/Ru 





nm. gK#£L<J2 5~3 0nmOKHkt-|><9# { J: 
l\ R3HKttJ15 0tf)JP3**, 5nmJ:»5*g< : 5:&k3c 
Hua^O -y # yfi&g.T b jftfgJStfc/jM* < 

ff-f^StMR^-y Fk (S/-/H>*- 

MfeiitjI^^&oTLlH. i-)T. lOOnmJ: 

[0 0 52] ^Httl4 0(i. Fe, Ni. Co, M 
n, Cr, Dy, Er, Nd, Tb, Tm, Ce, Gd 

W=, (Co, Ni,., ). Fe,.. (fcfc'U I 
MT'0. 4§zgl. 0. 0. 5^wSl. OX'foh) 

[00 53] £<OJ:3$«»tt04Otf>*§tt. 1. 6 
~10nm s J:9*F2L<kL 2~6nmk§*U>. CI 
Offitf, 1. 6nm*>lk&£k. ttttWk LTO^tt 
jWfchfl*. £<0-*"C, CtfHItfl OnmlStS 

k , ttfEKSIBttJI 5 ofr&toevifcJWjjfiWS < & 
[00 54] ZntottW/&M4 0lt±j&>Zk<K 

*<otejR, Kffitta 20k &mm 40k ow«oaMk 

[00 5 5 3 2 0 li, »:iS14^ttSr^-r F e , 

n i , conH*zA\brt^*istj4t6^&mptM 
h. mL&m20iTmz*-t£o%2m®mz?hz 

S30ffl!l*^Co (rjyN>h) #fttJ>4^JiCoS:8 0 
fi*%JaJt*tr^ i r )®l$.Zirfz% 1 <7)«®tt«k , 
(Ni, Fe,., ) y Co,., (Ttfc'U, fifiT'O. 7 
gxgO. 9, 0. 5Sygl. 0 ) T*b^<i4«« 
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®mmfrhim&&m3 orn^t n i offiucsr^jt-f 
a. 

COO 56] £^J:5artMBtt*2 0tf>«$tt. 2-1 
5nm s ff*t<(i. 3-1 5nm, §^>(C»*L< 
Ji, 5 — 1 5nmfc§*U>. £<9ffi#, 2nm;fe|fi:& 

ClfOffitfl 5nm$rH;t&i, 
S#ff< * 0 . ^£*K£flaoSHfo&«** < =5: 0 . M 
RSWR3&*»J»'fCL4 3. «68ttl2 0£±fe<7) 
iotc 2 Jffl»«#i Lfc*£t£tt. C o y -y 1 CO 
&Satt«<9JP££, 0. 4nml2Lh««"«ltfJ:V\ 

C 0 0 5 7 ] Z<7) X o ftsft&ttJf 2 0 1 masmtSLM4 

flsfflfcti, Au, Ag, fcJtfCu^+frfcWfllfc^ 

o w t mtatf^awaw ^fi* . 

[00 58] £Wi3^B8ttAIW3 0<*)Jp;&{i. 
1. 5~4nmTS>S«ri* { iiF£L^. £<0tt#l. 5 

B8ttl2 0k»«tt«4 0J:*«3iattS^LTL*v\ tt 

«es 2 o tmmmA o t o*ey#<e*i^ia&fc 

#4 n m£jg;t 2» t . ITfcfiWiltittl 2 0 fc3£ 

tw MR^meym-tfrnz-ixitot^oT^ 

[0059] WSL5\t. *4m, MgO, Ga 

As, 7i7^ K T)VT4 CaTi 0 3 m<T>M 
fKCfcOHSSSfl*. WS 14, 0. 5-1 0mm 

[0060] SltfXMIftlflMfc JblEtf) J: 3 
U ^<fci«:ei±«2 0WB!tmt, 

Hk£2-2O0e, J: 9*?4 L<li2- 1 60e, »l£2 
- 1 0 6 - 1 U 
[006 1] «iattJi<OS^1tia^Hk*>'20e*}lh^ 

UfclMWfirM R3£ffcftta#ll&Wa# < =5: S fc 
*>. MR^fcUCWRtta^tf*. */c2 00ectO 

tf>H ktt. ftfflWIJ: LTBEiWt 10-3 0 OOeOffi 



»* EPJDt & £ k Tf» *>ii5 . ftmMtf 1 0 WSTFC 
ttHkSr»i&ffttf5t-Hi"C{i«rV^, 4fc. 3 0 00e 

[ 0 0 6 2 ] _LiB LT ■* fcfltt&IR 1 S ftl-WlH 0 

jBLSHiLfefcot. ®smm)mk-fz>zti>x'£ 

»«(c«v^<t4aat#«iwi. t*DBUtiiiiRn# 
i <7)i%&x'i>+%mmizMi o h zmmzm ztvx- 

nCOift LV ^ffl{4 1 - 5 & . 

[0063] miE»14£/f l£ 1 <7)=g-«£0^(i, 7.^--x 

mizx'€tchti&. m&mmintfL®. mz. 
mm 5 o oftRfcit lt , *s^g«f*joiij»jE7) 

(i2xlO- 9 TorrOT, #4 L<{48x 1 O" 1 " T 
orrlUT, §^(C;»4t<{i2xl 0-'» Torrtl 

[0064 ] zmmS.-ncrmif 2X1 O-'TorrJ 
« t , 3jBjMB<^)Brao»tt*fflli *ratattt« 5 0 

[006 5] iijmE^2xlO- 9 TorrOTtV^a^ 

V^V^BHOfcWT**. S'jmE^l2xi0- 9 Tor r 

lO-'Tor rVXTX'<n®fc1^m&fflk%mtf>-r 

ztimthzkW'jmx'hh. 

[0066] £tz. Xrt«/?mX'm^t>tlh?—y-vY 

iztt%tihimm\$.. %$>m&m5o<7)B!8.cr>m 

•g-, 1— 600ppm, #4L<Jil-500ppm, 
ctO»tt<iil-3 0 0ppmtC|5^Sni). ^-y 
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h 2 o, co 2 . He?) ow&jry&mt. 0. 1~1 
OOppb, Kit. 0. l~50ppb > $4>fc 

mi<teo. i~ioppb, itzzt>izmi<u 

0. l~5ppbt|S^$tLl.. X>^y?*}X^?>^n 

wmv i o o P P b zmi h t , *%.w<7)mm<?>¥m. 
zvdi&Bmm&msom&x'Zzw mz. */t» 

t<40p P biaTs #ifcL<l41 OppbWT. 
£#2 L < it 5 p p bjaTfcRJttaaBtfa* . 
[ 0 0 6 7 ] SOW)|jUII*«ffi>*i.r v^lBO*2 
JS«BS»*W)jHflE«i. lxi 0-«-lx l o 
•'Tor rfcRj&Ml*. 

[0068] *«^ttJ»t* Btt£«R 1 <0#®^fifeia 

COO 69] K&5kLT(4, wf&UrJ: 

MgO. GaAs, 7i7'f h s T/l-r-r 7 
^CaTi0 3 *£fl|H6£i:i&*T*4. AJKCIRL 

-Hmt 10-30 OO^gfflS^SrEpJirf 4 1 k 

ztiliz**)* «3WM2 0fcJ*fftt«*Hk£ 
M^&^IStofri&4, 

K9M8tt« 5 0 jft|Rlfttt%tia t vfrSTC* o X h X 

v\ ftiv^i, ^.miMtx^iz-^mmma-t 
iumxb^xi**^. 

[00 70] it:. mi&LKZoiz. iKKkt««tt 
12 0 <0«BWMcBliifrt«)-*rtl (cttiRWK EpiP LX 

mmmkmmt&ztx\ zhizmmmm 

[ 0 0 7 1 ] $ h iz. £3£S8tt/l 5 0 £j£R-f-*IB«: 

8!l£S«ki»S#|tnk&&. ZZXmntt 
««o**Sttl 0~3 0 00e<o«Hfc:*#itfJ:v\ d 
ftfcj: 9, £3£S8ttJf 5 OfcJ: 93fiE8ttJl4 OflWfctf) 

KttS2 0O^ki:®i,-&a«tcS¥ff*t«SS-# , 5tfl-t 

£ fc s . t -5 k t> itniewfefrx-tt* < , r& 
ftrt-iawko^rw^Htws-cft-jTfcAv^ zma 

®!&mme>ffi&&. IS+Tl 5 0-3 0 0*C, 8t 
2 0 0*CgJgtf)l?M£ff 3 Rfc. JBflHBiZttri*) (1KB 
ttl 2 0 S-Bfel-r S |K30ftlKW>#|ft| k Slfcfrfo ) iz 

[0072] ±E<05Ut«)JB«TRWUfc, Sitt^if IS 



1 £<S*S8^«$)lll£3i4, 8Btifi&i»ll£'W H 

[0073] OT, ttftlffi£ifflfeftR3 Srffl^ffiJJ^^ 
^•y KWBfflUfc«!t»tfClWr6. *fft««fcr*S»t& 
aafiKSMB!'^ K (MR\7H) kLTJi, 

m.mi& ( gmr) tswwt^WB^fliiixey 

[ 0 0 7 4 ] UlT, BBWSfiBMISK-y h* ( MR's-y 
K ) k LTXfW^y^-y H*»0WfTRW*. 

[ o o 7 5 ] 14 ess*.* i o iz®$mtm%m^-v 

H (MR^>y K) 1 5 Ott, «*H»*«BW-*fc*>*> 

fii3am^2 0 0(7)M«gP2 0 0a, 2 0 0 afcJ&fcSft 
fcWMUlOO. 1 OOkSrWLTV^. -f-LT, SHS 
SI5^kLT^ia^fitii^ft)S2 0 0O«a52 0 0a I 2 

o o ati, {-(ontiffi^wa ioo, i o o izm 

jii2o, 1 2oti, inrf em&SB 1 0 0 , 1 00$:^L 
xmm,i}L^m2ootmmLx^i. *«wcii. 

2 0 tmSSP lOOt fcdWTV^** 1 , 120k 
«ffigi51 0 out, J: 

l><DX'f}&. 

[0076] MR^s-y VKiHflXBmftb IXVOm 

&mm 2 o o<4, mm 1 fc*s*i&«tt#«R 1 

fc«»«fflv^*i4. t=5r^*>, ®^fi$t^*K2 0 0 

(4, nswfciiK^snsatt^iiiss-w-rajs^s 

0J4, ^NStt«Mi3 Ok, #8*tt&JB«3 

iS(c«jfi$ n^atottfl 40k, im&&*m 309m 
*<offi{c»js§n^«cjstti2 0 k , nneatttttJi4 0 
^aMbort # £v>±#>t&t:Mzmmm 4 0 <o± 

(^l«tt4«Ji3 0i:«W4IHkR#f«<01if) 
*ifcRM»tt« 5 0k,; cOK3iS®tt« 5 0 <r)±.lzB& 

[0077] i -rTW5:£J4, UUtWj: 3 
Lfc«StiStf0WMl2OO(i, ^»WtyA';^I 

S3 oo-*<oBffc»*s*ifcMaatJi4 o k , irattt 
3 o <r)®)j(omzmi8.ztit:mmm 2 0 k , m 
ie««tt@ 4 0 o8Mb<ofi * ^ k ^ihft-r* ^fticatt 

tUiA±(c]MSft^ranttJI 5 0k £Wf £52ft£ 

aiKicfev^-c, ^H5^ft^is#* { o<oB§tc©:a[ttJi2o 

mmt4 5^9 0&<OAS.X'hhZb^^ 



<7>*\kv\ ®Smffl)}%m (MR«1) *>\ ^KBW 

[oo78] ; <mttjnm3±i\L*mhtzMz, ®&%m 
1 1 i%$mm 5 o^ya - y ^>^&Tba±.x'm 

tmmmv. z<r)^<D%&zmitt&%.knj£. tsm 
mfeTu^xx'dv&^mtmizx-ox, toms. 

tfBtf$LZtiXL& d„ ft^X. #£L<(i^y FSS 

se^a^ R^istta5o<7)iK^[6ico^fb$ 

«T b J: 0 1 S< . «08ttJf 2 0 att*BSUI*|f!]ttft< 

#mik-t&mzz9i>m^&z. mattmrntfto 

k . fSflBttJi 2 0 <*>»fl^m jWiHWfc*t LTBMtg 

b mmm 2 o <o8nn8ftn»ititt^;mt 

■Hfi&ff&Jft&fett, 65mi£»^XrA|*|(7)MR-lry 

o . &68ttfl 2 o emimsmimG#m&th*xx 

v\ *|gHJ{cfcV^(i. £3£EBttJ15 0<7)fflj£?r±&L 
fc«HrtT3iS»3&t* Z k iZX *) . 1 6 0-4 0 O'C 
OEHoyn -y * >/ffl^T b jW85£»Tffifc & * . BSE 
IBfcWitt. 1 5 0-4 1 O-CSJgWKHTlTfcixl.. 

wc. *8wrcut. %j&m&m5oc7)®f8.tcr>mi%x'U. 

W88 0<D$m£M%.LX^&(?>X\ mat. 2 1 0~ 

2 5 or, 2mfflm%cD?mm7a-txz&xi>. 

yrtjurmt LX(?)W&&ittfm>X'j?%\.\ 

[ 0 0 7 9 ] 04 iz^ixh £ 0 izmsmtnmm^v 

K (MR^-yK) 15 0KJ4, tt$U&£i3ft$K 2 0 0 
itfSffi&lOO, lOOSriTOi^tfctaic^-^ 
FJI300. 300*«$^Sti:tC HftSiftft 
£JS2 0 0^-/1^)130 0. 3 0 0 £ ^HcDSWHc 

[0080] ;iT««SB»fc LT*«$U8fiB»»K2 
0 0fcffli^*lS3Sa8tt)B4 0, #8tt&JRJB3 0. UK 
SBtt«2 0, R3£52ttJ15 0, fc«ttffcg«80tt, * 
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[ o o 8 1 ] 04 c^-f i o »c n%izw.i-mmu 1 o 
o£685«£fiBra!2 o 0(mmnmz^<r>^u2 0 0 

a, 200a£fWSM-4fllSfc-*a. -fSf:. *Ftt 
RSttJI 2 0 i: ftffittl 4 0 left * flfc&tf £ 4"C4c8S 
iioo, ©;i£tt)f 2 0 fc^Efiil4 o fcco*tryo;frft 

[0082] ifc. *wmnxy£>>*fr-f 

MR^-yFi±, 05t^S<t4J:a^<y HflBtk-rS 

£aA%R2 o o tmizmsizm-tzthcnmm 1 o o t 
*>iafc. Hs^rk<«soiaiS»«R2oofl»»^ass 

««aa!W5 2 0*Jj:^R3l8ttt«8 0 0 (Sr^UiW 
«tt*80 0> fcJRttWEStf*. ilSSE®® 
tt«5 2 0fc«fctfR3$&te)18 0 0 (frv^UiWffltl 
8 0 0) <0-2T«Wi, amffi*t^*ii2 0 0<7)±SP2 
00a («Eattllic2V)«M) 0-a5^$:a5cfc?{c, 
36*offi*ttfflH4EK^)ri: <«tt»l 0 0TB 1 0 1 i 

K+*wt(a«-*«»i o 2(4, ®$mmm2 o 
oo±gp2 ooa <«attiesfivv&m> o-as^^s 

v\ 3iMffl«CiSttS5 2 0i>J:l/R^aEttJ18 0 
0^±gPfflg?5 20a, 800a$rt-en-e'ixS^J:^ 
fcJBjfiSfiS. ^fc, itlSffliatt«5 2 0i:Urii. 

NiFe, NiFeCr. NiFeRh, Ni 
FeRu, CoZrNb, FeAISi, FeZrN§ 

0f$10nmgg) MHUMI. R3SlKtta8 0 0i: 
LT(4, Ru 5 Rh 16 Mn, NiMn, FeMn, Pt 
Mn, a-Fe 2 0 3 » 5 0 nmSK) ^fflV^ 
a, ®Htt«8 0 0 k LXtt. CoPt, CoPtCr 
m (J¥$ 5 Onmll) *<fflV^^. 

[0083] .IOj:3&fl§j£i:-f&.ri:tCJ:9, iS^ffi 

fit^ftiS2 o o izBtf&ti&mtimwmm 5 2 ox* 
vmm&m8 0 onm^mmzx ^xm^xmm 

m 1 0 OO^SP 1 0 2 *\ luao <t 0 (cfiH^S6i3»*M 
200&mo*olzBfSLZtiX^hZklzJ:r). 35^* 

=5r« h 7 y ^ »^««3S«SS'SrM R's y H * 5 Sffit'# 
S. 

[0 084] dfL6MR>\-jrF£Mrrs*&, -ews 
s. 

[0085] -flswic m<om&&mmii?&m, 
ktchw&tfzfr^tz. *mii<z£h®mxmm 
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Srtt4t4 Z k 0 , «R& 3 0 HRfc 
1 0 0 - 3 0 0 'C . 1 «WSHKtfMR«H(c+^«iS'C S 
4. H£*, ^Stt^«H^+, 

WCffitttVVF. 0- 7 TorrWTOX2 (KE 
T ) 4»Tff«r ^ i k X'W&$iWW>X flWlfifS 
2&HI£ (SBtt^JfU) **»<5>:fcS. JDIIST'O 

4.1ktt{3^k&^. 

[00 86] frfc, 4*HH££ft&ftMlis K&tttt 

a 5 o t emmmmotem- ix , hr^es! t tr 

[0087] 

(mm>r>i> i - 1 <wm) wmyr^t it. 

#5X&&5<0±fcT«lJI7 (Ta;Jf$5nm) % 31 
lSttl4 0 (Co ; |?5nm) , eyihftJffc L/C<7) 
ft$£&tt«50 (Ru 3 Rh 15 Mn 82 ; JJ £ 1 0 n 
m) , &m80 (Rh ;J|E$5nm) *aHKM*6* 

mmix. ®mmmm<rrtry7)\, (mmyy 
[0088] ;wyr/Hi x^-y^SKiOftS! 
wa&^ti. xjiv?#iftbixx£fflgmm!fi<r)m 

Tor r ; >v h<DW&1rG 

S2 0 0~5 0 0ppm ; XJ^y ?tfX<P<7)?FWfamig. 
3 0 PP b (*<0*T, H 2 OjftSJi8ppb) fcfc* 

[0 0 89] dco-tyryHi-ov^T, 2 5 ox:. 2i$iu 

( 1 ) ffflR* (as depo ) fc«kt>* ( 2 ) 2 5 0"C. 21$ 

lawx-zwra (mm.) «*saiit£x*jwf , -j 

kfc it^WKSfiS&gMs Offifc-m-fftS*^ k k t 

7--/waa (&«yi) m^fctt4c:n^><o^t 

ft (%) MMJLfc. 

[0090] 3cJH*&£x*/l^- J kli, iHfttt&SB 
(VSM) fflV^lKOe<oa«{CT«ftlllrt»*» 

14 0<Og&M£®gMs fcSi'x Ztihcr>mim^X 



fcEA (cAkD^+s) om#k ixfcmzuz. 
u-o>4. 

[009 1 ] (HitM-tyr/H -2-I-4<0ft«) 

Rh*><^ Ru, Zr, T i (C WPfl^X. 
fc. fW, JJEjWt0W->r/H - 1 fcRWfcL 

r , mmv>7)v i - 2 . natew-j'Tvw 1 - 3 . m 

tmtVTiV I - 4 £ **l**lfttl Lfc . 

[0092] (%mm*r>Tiv 1 - 1 w#a? ) ±ibhss 

Rh TalC**.fc. **i£WHi, ifEHSSW-y 

r;n - 1 k nmzLx , mm+rynv 1 - 1 

[009 3] (tt*WW->7VH -2<r><m) ±IBHJt 
flhfyTVW I - 1 KtH vtfljv vfcftg/f 8 0 otfUfcJ: 
MRS*. Rh (JUf : 5nm) Hf <R9: 6 
nm) W#Mi. JJHaMW-^r^I- 

lkPHjMcLr, \mmy?>v i - 2 s^u*. 

[0094] (tt*Wl^y7VH -3<0im) ±IESUt 

m-fyrn 1 - 1 tt>v^Tffl^fcfisti*8 0 <rmwaz. 

Vmm. Rh (JSJf : 5nm) *><i> s Ta <R9: 5 
nm)/Rh (Mff : 5 nm) ^>««fttC3Eifc. Ta 

tenjswyr^ i - 1 trnmiz ix, tam*y7n> 

[0095] (wmvyy'fr i -4ofHR) UK! 
wrv-riv i - i Kev^Tfflv^fiiii«8 o <Dttwt5£ 

Vmts Rh (JSH: 5nm) Ta (g»f : 5 

nm)/Ru (mm: 5 nm ) OSWftlcSgijfc. Ta 

smmnm-yr^ i - 1 kisj^ic ix. mtm^yr^ 

I-4tr#i!Lfc. 

[0096] UULWf yrA'fcov^TjBJtLfc ( 1 ) Jfc 
H^F (as depo ) (2)2 5 0 4 C, 2^H«0T- 

(mm) a^afflttS^x*;WF-Jk*jJ:tf 

«aw«wt» (%) ^maifi^Tie^ 1 izztizt^ 
■t. 

[0097] 
[«1] 
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3*1 





ft 


tat n 


as dsoo 


of tor anneal inq 


(96) 


No. 






Jk 






fa 




H* 








(erg/en*) (enj/cn 1 ) 


(erg/era 1 ) (emj/cro 8 ) 


00 


(JO 




Rh 


s 


0.115 


5.94x10- 


0.098 


5.05X10- 


14-6 


-15.0 


Hfcfll-2 


raj 


5 


0.112 


5.89x10* 


0.085 


4.99x10-* 


15.? 


-15.3 


«B«l-3 


Zr 


5 


0.111 


5.88x10"* 


0.089 


4.87x10- 


20.1 


-iao 


SHAM 


Ti 


5 


0.113 


&84X10- 4 


0.089 


4.74X10" 4 


20.9 


-iaa 


JttOTJM 


la 


5 


0.110 


5. 81x10-* 


0.074 


4.53x10* 


33.0 


-32.1 


ttt**l-2 


rtf 


6 


0.109 


a 78x10- 


0.075 


3.8^X10"* 


31.0 


-3a o 


JMbWII-3 


Ta/Rh 


5/5 


0.110 


5.83X10"* 


a 078 


4.1SX10"* 


29.0 


-2a 5 


JttfcWl-4 


Ta/Ru 


5/5 


0.110 


a 62x10- 


0,076 


4.04x10- 


-31-0 


-3a 6 



iMTtt, 7--/wt!yi oftffia) wswws co^m 

wSSfldbS*. l5~l8XS*fc**>T'h3<W;l4>*i 

Jtm, r--/w»i (tmm) Hu^ojk (T^fta 

2 9~3 1%fc»-C*£v\ ZtllZttlX. 
l4~2 0%Sfl^»6"C/JvS<jqi;l£*i-O> 

[00 98] ifltis Rh-^Ru^ffiftTKfL^SK. 
Sfcfc, Rh*Ru#. B3iaRll5 04)(C-tirStlS 

[ o o 9 9 ] «r*s, jjeggitffl i omvr^m 

200~400ppm. immjg.fi\ 80-200PP 
m. SK3¥SI&#8 0 — 3 0 0 ppm, &5iti§Jt#5 0~~ 



i o o p p m-e&ofc. R»«ttaii*ic**fi6^«» 
[oioo] m®&%ft£$£ti&*m)m&<?>m%. 

OSS*'*'/ 7 rJitlWt, £fcSHb£R&<'fc*>KS± 

fMtfrflnSlil (SIMS: Secondary Ion Mass Spectro 
scopy ) iziiX. SILfrtfrSrfird. 

[oioi] cmmi i;±K<oiffltts»J:o, fit 

fcfc^O. TI5^2t^$iiftJ;d^a^<0^yr;^ 

faiLfc. ir^Kofamaiiawi i tmrntm 

[0 102] 
[512] 







as d 


B?9 


afttr a 


rmeal ing 


itita (96) 


No. 








A 


fa 


Jk 








(erg/cm*) (emu/ cm 4 ) 


(org/on 1 ) (aou/an 1 ) 


00 


(*) 






0.115 


^94x10-* 


0.098 


aosxto- 


-14.5 


-iao 


sum ii-i 




a 152 


5.91x10* 


a 133 


auxio- 


-12.3 


-17.6 


H»flll-2 




ai38 


agexio-* 


a 120 


a 18x10-* 


-12.8 


-iai 


£*ai*lll-3 




0.135 


5.92x10- 


a us 


aiMxio- 


-14.8 


-14.9 


W6WH-4 




a 131 


a8ixio* 


0.110 


4.85x10- 


-18. 9 


-ia6 


£fcflll-5 




a 312 


a23xl0" 4 


0.293 


4. 9?.x 10- 




-ao 


3tfe«ll-6 


Ru«Ni *^4ii 


0.763 


4. 93x10"* 


0.222 


4-15X10- 4 


-15. G 


-ia9 


»i«ll-7 


RutNi,o!»i4a 


0.788 


4.99x10* 


0.259 


4.4/xlO- 


-9.8 


-10.5 


£fcW»-8 




0.761 


5. 16X10-* 


0.218 


4. 29x10-* 


-ias 


-ias 






0.101 


aesxio- 4 


0.083 


4.80x10- 


17.4 


-iao 




Pt 81 lfcl4t 


0.325 


a 19x10- 


0.260 


4.11x10- 


20.1 


-2a 9 


wmw-w 


RUisNftM 


0.103 


a 81 x io- 


a 083 


4. 70X10-* 


19.6 


-19.1 


S&WH-12 




0.098 


a 76X10- 


a 075 


4.57x10- 


21.9 


-21.6 



n i-tfrr* ( 4 o a t mjt*ff) mm.mt<r>m 
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ftC. MnijJ;7/Ru£-£tfRuRhMn N RuPtM 
n, RuNiMn*ttM>**RaattJ|fc 

[0 10 3] CH®f!lI I I) 

($mm>7fr 1 1 1 - 1 <t)^s) jaT^wi-w«R 

KU:. »£5 (Alj 0 3 tt*tf)AlTi 

C) C0_htc. TJM7 (Ta ;)SS5nm) . 
2 0 (N i Fe ; I§9nm/Co ;|Jlnra) 
«tt&Jg/13 0 ( C u : J?S 2 . 5 nm K MSJ14 
0 (Co ;JI§2nm) . R3£&t±*50 (Ru 4 Rh 
M Mn 82 ;f?10nm) , fcitf&gJfSO (Rh ; 

m $ 5 n m ) £*<KiKfl ut * e^^ygtossmists; 
%&ir (WMW-vr/n 1 1 - i ) fcfwtfc. 

C 0 1 0 4 ] &*j . RfftKttJf 5 o<a*ttft»»i. K 
2 0 0-4 OOppm, gmMg. : 8 0-2 0 
Oppm. KHigJg: 80-3 OOppm. ^tffig : 
5 0—1 OOppmT'&ofc,, 
[0105] .lew xr;w:ov»t. 2 5 0°C S 2B#^ 

ft* (MR Ratio) cott(-au-r^s^p^i»ii®^ff-5 

fc. tfcfc^, ( 1 ) j£»Bf (as depo ) &XV ( 2 ) 
2 5 ox;. 2^c7)T--;U3in ; a (mm) &ctdmr£ 
imcomZZtiZ'tiXtbhb fcfclc. (Si 
MS) «rat:iJ»t4MRSft*^&ftM (%) £ficttL 

[0 10 6]MRM$AR/Rli. 0. 4 X 6 nun?)* 

K3 



SltttrmtCiSriia^t***^^ -3 0 0-3 0 00e 
* TSttS **: t > Ofitfi* 4 JtRSfci 0 Wg Lfc . 

AR/Rli, S*Jtig«i2:pniax . ftMfcJftfitfcpsat 

[0 107] AR/R= (pmax -psat ) X 1 00/ 
psat (%) . 

[0 108] dOSflW-^TVH I 1-2-1 I 1-4 
OfW) ±IEHJ6W-t>7-;H I I - 1 fcfcwrjfl^fc 
&HJ18 0OJilS£-, lnm, 2nm, 3nm ( 4n 

irvrin i i-itnmzix. mwmynvi i 
i - 2 . %mmy7/i> 1 1 1 - 3 , mmm-f>r^ 1 

I I - 4, SWW->7/H I I - 5, 38tW?V77P 
I I I-6**jVNi.tl*U:. 
[01093 (JtS£ffl-f>r/n I 1-1— I I I -4 
<Dfl*> JJEIdtfiW-VT-yP I I I - 1 fcfc'wr J8^fc 
«IM8 0 RhKTaC^, KJ»t>. 2 

nm. 3nm, 4nm, 5 nm[Zl:tl%tVg.z_tz. Ztl 

jaaa. ±mmm>r>v\ 1 1 - 1 tnwzvt. 
itmm-yy^ 1 1 1 -k mmyr^ 1 1 1 - 
2 . jtsw-^r^ 1 1 1-3. smm+r>7)v 1 1 1 

[Olio] JahW^r/wcovvcajgLfc ( l ) « 

JH$ (as depo ) fcj;7/ ( 2 ) 2 5 0"C S 2^fa«0T- 

m (mm) la^MR^flsiwosEfc* (%) £Tte^ 
3{c-eti-eix*-r„ 

[0111] 
[SI3] 



ft il 3 as depo after anneal ing W S4h« (M) 

No. ttK O*Cm0 Wtetio ffl Ratio 

00 (» 



Rh S 4.55 4.16 -8.5 

SUtma-Z Rh 1 8. BO 6.02 -11.5 

SaSflB-3 Rh 2 6.28 5.56 -10.9 

SttfUW «h 3 a.86 5.26 -10.2 

££0101-5 Rh 4 5.42 6.34 -9.3 

Rh 6 380 366 -6.1 

tt»WIU-1 Ta 2 6.82 4.98 -28.0 

tttSWIU-2 Ta 3 6.93 5.08 -28.7 

te»«lll-3 Ta 4 6.96 5.14 -26.2 

lt««BI-4 Ta 5 6.69 5.23 -25.2 



it. TammtitKX. MR<93Eft4#*£<&#£ 

tix\,*&zbtft>fri. mz5nmcr)mmx!m.ti 

t. RhO^{iMRO^ft*^'-8. 5%. Tatf)i§ 
£li - 2 5 % i: :* # £$£#1112$ tit: . R h <7)l«(c 
OWCtt, 7--/W&^MRM:$A<4. 0J6*JjLt#fc 
m.^5nm^'±|IBt'ibl). »W)T»fc:ooTtt. B 
mk<?rt^%ffl&*&tz'?tzV>\,zm nmULh*^ 



[0112] CUffafll i v; ±EWtflW-^7";U I - 1 

m^mvmm. (mm. m. mm. «x> 

0, SfflWS*x*;Wf-Jk*0. lerg/cm'Ul 



(14) 
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±fc-*-*fc*>tCtt. SfM5:l-2 0OOppm, £ 
iRigJg£l~~20 00ppm. 1 — 1 0 0 0 

ppm. ifi^aUSSrl~20 0 0ppm<7)Kffl^tl. 

[oii3] z<ox ottwms£.m®\±. ®mej] 

2 x 1 0-9 To r rJMTK#m£ft£X£j£I8§£Brt 
T\ 8^**6 0 0 p pmJJTRO*— >S h£fflV^ 

1 0 0 p p blTF, A-5X^7 ?#X4>c7)H 2 O 
«K#4 0 p p b BrrCWX^Cy ?#X»Hm+. 

[0114] C|UI«y] WTOgSrCHIglfc:. 115(2 

^Sfiiid^tw^y (sv> *47Y>«susfit 
[o i i 5] t-r. m)iz*vyrt>u7'mm$s&m) 

mtefWLfc. ««5 (Ali 0 3 ft #£7) 

A 1 T i C) C7)±C. TiftJf 7 (Ta ; JIS5nm) . 
&B8HJI2 0 (N i Fe ; Jf§7nm) , ^M&ttifeSJI 

3 0 ( C u ; JI£ 2 . 5nm), BBKJI4 0 ( C o ; 
W§3 nm) . R&&ttJ150 (Ru 3 Rh 15 Mn 82 ; 

Onm) . *>J;tf&gJf8 0 (Rh ; If $ 5 n 

m) tm<mmixmm&mm^-y vzimuz. 

[0116] Z<7)®mm}$M^>y HKIl A 1 2 o 

[0117] £0«affiSI3MI£'Vy KCIl 05fciS 

fc*>, &&ffl!|MiS5 20fcLTNi Fe£J?$10 
nmfcJftSU ^O3*Sffl®:Ktt«520O±{C. K!fc 
m^M800tLXRu 5 Rh 15 Mn 20 ^f§lOnm 
lC^j£L. ,I<7)±fc. Ta*»fe=af4«S»l 0 

0*»(KL"CH5t*S*ii«)S^t ( s 

ft, 1 0-'Torr*>*£+?. SI£m^j-fifcIfcfc*>Offl 
rt*-f6](C2 0 OOeO^jgiSpL^A^ 2 0 0*C*^^ 

%m^-yV<?)hy-v7mil . 2umtLtz. Z<Dk% 
OMRSfflSSttljunu !g»tt;sS«i4 mA fc Ufc. 
[0 118] ZKmsmtrffiggL^-v FSrffi^T. ffiEn 
tt*fcaja*EOlWR£«BU:fc;r*. 2. OmVO 

•y KWtt2tti:V^«>T**$rtrc&*. 
[0119] CJHUWV I ] 01 Ofctt. 
ffiSB»m)SSr3-^SMR^>y HfcJOBLfcfl»W*S*i 
d-LTJi, BS*W<3-^6 0 0, 600O-& 

mi o *»tt . t^eatM&fflffl^ 2 o o jww 

£MUR2 0 0(ctt. 3-76 00. 6 0 OTHSRSfl* 

8Wo*rtii:TfT*fcttMM*mtiia[*8a'ffc»o« 



CStHfidV I I] 01 ucli. **Hfc*«t4BSWSSt 
SMHIHFSr 777?^>f h'SM R^ y Flcj&Jg Lfc 1 
0ttf(*&fi6. ffi^«^m«2 0 Ofi. SitSCi. ft 
jlfiS*Sf7 5y^XXr-f HJ170 0. 7 10i:fl»lWfc 
(t£LT#Jft&hXV>4. £»7?7^ FJ170 
0,710 AWW^fl^ffi^^ffimfifiBa^M 200 

•y ?XA-y jytf-f h'« 6 O 0 (ttft&£iffl£jR2 0 0 * 

KttiH FJB6 0 0(i. 2H8ttJe$iJl4 0 0£tf-LT 

.Ifc#T'#l>.r £:£*>!>. 
[0 120] 

JMUItfcfcVvC. K3$S814«£. M„ Mn 100 ., (Mli 
Ru. Rh. Re. Pt, Pd, Au. Ag. Fe. N 
i . I rfcitXC r*^SIfM^< 1 1 
0. 1 5^x^58 (x^ffittM^K) ) frt>im 
U ^C0±^^$iXl.RaJi5rRh. Ru. Zr. T 
i frt>Mlftit:&%< k i> 1 8*>£>l?iJfctS Z k fclJ: 

imi ] sui. *»^<oat«ftfi0MU^BnsH'c* 

[02] 02{i. *«i»OftUfl£KW*fctf>oaaGK 

[03] 03«±. *mi<rmm*WLmhtz#><rim& 

tokMRMkemsmx-bt. 

[04 ] H4tt, *mn®$mm>m^y fo-m 

z^-Fmmmx'hh. 

[05 ] 051*. *w*mw$m£fflm.^-v Y<r>W% 
mtmmkmm^k <?>m%&mm>z*-timmi 
mx'h&. 

[06] 06li. *%m<r)M-Hfl,-?i7*tWRh 
[07] 07{i. R3im&M£&1iZti&WmbL"C 

[08] 08«i. mmm^is^tii>^m»kvx 

[09] 09W, Kmmmizttiitih^vmk lx 
tz^yyx-bh. 



(15) 



ffiBJTl 1-2 59820 



(Hi o] hi on. *tt*mssmm£FF («tt 

[01 1 ] 01 114. (Btt 

mm) hsmrnv HtjKWUfci 

l-att*JM 
3- 

5"«K 



20- 
30- 
40- 

so- 
so- 
go- 

93- 



fEUB 
2 0 0"-S8*y6*JBB*K 



[11] 





-50 
-40 

-20 




[05] 



[04] 




100 




800 



8000 



800a 



300 
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